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The contributions of autoionizing resonances to the electron-impact

YW excitation-rate coefficients for the n = 2 to n = 2 transitions in Be-like
) ' ions have b2en evaluated for six ions Qith atomic numbers Z = 30, 34, 36, 42,
47 and 54. The calculations were carried out in the isolated-resonance
approximation. Interference between direct and resonance channels was

ﬁj’ neglected. The detailed Auger and radiative rates were computed using the
multiconfiguration Dirac-Fock model. Results for 45 transitions among 10

K states from 152'22 2%' configurations are listed. For electric¥dipoletéllowed

W s -

¢ 2

o
transitions, the contributions from the autoionizing resonances are quite
] small. However, the autoionizing resonances can enhance the excitation rates

by a factor of 2-4 for dipoletforbidden transitions.
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I. INTRODUCTION

Electron-collisional excitation and ionization are important atomic
processes in the studies of astrophysical and laboratory-produced plasmas.1
These processes are routinely included in the modeling of plasma kinetics and

2,3

x-ray laser design. The majority of these data are usually calculated by
means of the distorted-wave method or similar weak-coupling approximations.1
The contributions of autoionizing resonances are usually neglected in such

calculations. It has, however, been shown that the contributions from the

c 4. . . . 4-8
indirect processes can drastically enhance the excitation rates.

Systematic calculations of n = 2 to n = 2 electron-impact excitation
cross sections for the Be isoelectronic sequence have been carried out by
Goett, Clark and Sampson9 using the Coulomb-Born-exchange method. The
effects of autoionizing resonances were neglected in that work. 1In this
paper, we report on the calculations of the contributions of the autoionizing
resonances to the n = 2 to n = 2 excitation-rate coefficients for Be-like

ions. The calculations were performed for the Zn26+. Se30+. Kr32+, Ho38+.

4 . . . . . . ,
Ag 3+ and Xeso+ ions using the multiconfiguration Dirac-Fock (MCDF) model.8 10

A summary of the results has previously been published.11

‘AN

II. THEORETICAL CALCULATIONS

e YN

.S S

In electron-ion collisions, an autoionizing resonances can be produced by
excitation of a target electron and simultaneous capture of the incoming

electron. The stabilizing radiative decay of an autoionizing state leads to
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dielectronic recombination, while Auger transitions to other excited states &
iy
%
contribute to the excitation cross sections. For then =2 ton = 2 )G
excitation of Be-like ions, the indirect process can be represented by Q,'
*
e
%
2 2 2 )
Y 1090 LT LIS .
1s 221 212 + e 1s 213 n'L' n"L 1s 213 214 + e (1)
12 , D
We follow the procedure of Cowan in calculations of the resonance o
contributions to the excitation-rate coefficients. The total scattering ﬁ:
amplitude is separated into resonant and nonresonant parts using a e
i
U
projection-operator formalism. The interference between these two parts is :ﬁﬁ
'1'.'
(
neglected. The indirect transition is treated as a two-step process. The ?ﬁ‘
effect of overlapping resonances is ignored. The electron-capture rate is !ﬂ
12 e
obtained from the inverse Auger process by detailed balance: ::.-
o~
’
372 A
Cap _ -1 4wR 3 a £~
Cid = (Zgi) (kT ) a exp( Edi/kT) 84 Adi (2) !l
o~
Here, Edi is the Auger energy; a, and R are the Bohr radius and the Rydberg :::
N
{~
energy, respectively; By and 84 are the statistical weight factors for the e
®
initial state i and intermediate state d, respectively; A:i is the Auger ifﬂ
W
’I.‘l
rate from d to i, and the plasma electrons are assumed to have Maxwellian 'f:
‘2
.}.\
distribution. RN
The total resonance contribution to the excitation rate for a transition :f.
o
. .. , 12 e
i 2 j is given by e
!:"-
red
Res cap _.a Pl
c.lj =1 Clq ij , (3 )
d .
where the Auger branching ratio ng is defined as
L
)' ~"
~-."
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) a di

; B,. = . (4)

> dj ra(d) + Fr(d)

Here, Fa(d) and rr(d) are the total Auger and radiative rates of the
A autoionizing state d, respectively.

' ’ In the present work, the sum over the intermediate states d in Eq. (3)

2 2

includes states from 1s™ 2% 3%' nf” (n =3 - 6), 1s” 2s 2p nt (n < 30) and

152 2p2 n? (n < 30) configurations. The relativistic Auger and radiative
rates for each autoionizing state were calculated from perturbation theory

using the MCDF model.l3 The energy levels and wave functions were calculated

-

explicitly in intermediate coupling, including configuration interaction within

-
-

a the same complex, by using the MCDF model in the average-level (AL) scheme.lo
Separate MCDF-AL calculations were performed for the initial and final states.
For details, the reader is referred to Refs. 11 and 13.

III. RESULTS AND DISCUSSION

The resonance contributions to the electron-impact excitation-rate

i

coefficients for then = 2 ton 2 transitions of Be-like ions were

. calculated for six ions with 30 < Z < 54. There are ten states from the 152
2% 2%' configurations and 45 transitions among them. The calculations were

) carried out for temperatures 0.05 < T < 20 keV. The results for the entire

transition matrix are listed in Table I.

N
L The direct excitation rates for n = 2 to n = 2 transitions of the Be-like
»
; ions have been calculated using the Coulomb-Born-exchange met‘nod.9 The
; contributions of autoionizing resonances to the excitation rates amount to
only a few percent for electric-dipole-allowed transitions (e.g., 152 252 1S° -
x 5.
> 5
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i 1s 2s 2p Pl)' For dipole-forbidden transitions, however, the indirect )

11

' N 11 N '

X process can enhance the excitation rates by a factor of 2-4. Contributions X
D

i

of autoionizing resonances to the excitation cross sections should-therefore .

A be included for the dipole-forbidden transitions. -
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